Plasma Manganese in Liver Cirrhotics: Younghee CHOI, et al. Department of Occupational and Environmental Medicine, Ulsan University Hospital, South Korea-We examined whole blood (MnB), red blood cell (MnRBC), plasma (MnP) and urinary Mn (MnU) concentrations in 22 liver cirrhotics and 10 healthy controls to evaluate Mn concentration in which a fraction of biological samples best reflects pallidal signal intensities (pallidal index; PI) on T1-weighted magnetic resonance images (MRI) in liver cirrhotics. Increased signal intensity in the globus pallidus was observed in 18 (81.8%) of the 22 patients with liver cirrhosis. In a transplanted patient, increased pallidal signals also resolved as his liver function tests normalized after liver transplantation. There were significant correlations between MnB/MnRBC and PI (ρ=0.529, ρ=0.573, respectively) in liver cirrhotics, although no significant correlation was observed between MnP/MnU and PI. According to a multiple linear regression, MnB and MnRBC reflected the signal intensities of T1-weighted MRI better than MnP or MnU. (J Occup Health 2005; 47: 68-73) 
Bilateral symmetrical increase in signal intensities, mainly confined to the globus pallidus (GP) and midbrain, can be observed on T1-weighted brain magnetic resonance images (MRI), but with no alteration on the T2-weighted image because of the paramagnetic quality of manganese (Mn). The characteristic high signal intensities mainly confined to the GP have been observed in T1-weighted MRI in experimental Mn poisoning of nonhuman primates 1) and also in a patient with Mn neurointoxication 2) . Furthermore, the characteristic high signals are also frequently observed in asymptomatic workers exposed to Mn 3) . A similar MRI pattern has been observed in patients receiving total parenteral nutrition, because of excessive Mn intake 4, 5) . Chronic liver failure is also associated with increased signal intensities in the GP using T1-weighted MRI 6, 7) . The correlation between the MRI abnormalities in the GP and circulating Mn concentrations of cirrhotic patients suggests that the high signals are due to the paramagnetic Mn [8] [9] [10] . Nevertheless, Mn concentration in which partition of biological samples reflects the signal intensities of T1-weighted MRI better is not known. We compared the concentrations of whole blood Mn (MnB), red blood cell Mn (MnRBC), plasma Mn (MnP) or urinary Mn (MnU) and pallidal index (PI) of T1-weighted MRI in cirrhotics and healthy controls to evaluate Mn concentration in which fraction of biological samples best reflects pallidal signal intensities in cirrhotics.
Subjects and Methods

Subjects
Male patients with clinically confirmed cirrhosis were either selected from hospital inpatients or from patients attending an ambulatory hepatology care clinic. The diagnosis of hepatitis B-induced liver cirrhosis was established using patient questionnaires combined with clinical, laboratory, endoscopic and ultrasonographic findings. Thirty-one patients with hepatitis B-induced liver cirrhosis gave their written consent and were recruited to the study. Nine patients were excluded because they had received transfusion due to previous gastrointestinal bleeding. The 10 male controls were selected from healthy persons visiting a health promotion center in our hospital for a comprehensive health check up including brain MRI. They agreed to participate in this study, and they were examined for blood and urine Mn concentration. These subjects had no history of liver disease or exposure to Mn. One cirrhotic received the liver transplantation, and he was followed up after the transplantation.
Questionnaires, Laboratory testing, and Analysis of Mn concentration
Samples of heparinized venous blood and urine were collected. The heparinized venous blood was centrifugated at 3,000 rpm for 15 min to obtain RBC and plasma. RBC was obtained from liver cirrhotics only. A questionnaire was administered, and the questionnaire recorded basic demographic information as well as information about smoking history, alcohol consumption, medications, and recent medical history. Each subject was asked about his or her previous disease history in detail. The laboratory tests, aimed at detecting liver dysfunction or anemia, comprised of liver function tests as well as hematologic investigations such as blood counts, hemoglobin, hematocrit, and liver function tests. The severity of liver disease was assessed using the Child/ Pugh scoring system 11) , which includes the variables of ascites, encephalopathy, serum albumin, serum bilirubin, and prothrombin time. Each variable is scored from 1 to 3 points for increasing abnormality and the total score equated with a Child's class (from A to C), C being the most severe.
Blood and urinary Mn concentrations were determined by flameless graphite furnace atomic absorption spectrophotometry (AAS) (Spectra AA880-GTA 100, Varian, Australia) 12, 13) . Mn concentrations were determined by the standard addition method. Aliquots (0.1 ml) of blood were diluted 20 times with 0.1% v/v Triton X-100, and 15 µl samples were injected into the graphite furnace. Characteristic concentrations of Mn were 0.07 ng/ml.
Neuroimaging studies
MRI examinations were performed using a 1.5 Tesla system (Signa Horizon LX; GE Medical Systems; Milwaukee, WI, USA). The spin echo (SE) technique was applied with two acquisitions in the T1 weighted sequence and one acquisition in the T2 weighted sequence. T1 weighted images were acquired in the axial and sagittal planes by using the following parameters: 466/14 (repetition time (T R )/echo time (T E ) m sec] two excitations, a 22 cm field-of-view, a 256 × 160 matrix, and slice thickness of 7 mm. T1 weighted sagittal images were also obtained using T R /T E =466/14 ms with the remaining parameters as listed above. Axial T2-weighted (T R /T E =4,000/100 ms) images were also obtained. The signal intensity of the GP relative to that recorded from frontal white matter was subjectively evaluated by a radiologist without prior knowledge of the disease status of the T1-weighted images. For quantitative evaluation of signal intensities, the region of interest (ROI) was placed in the region of highest intensities in the GP with visual assessment and also in the subcortical frontal white matter. We then calculated the PI, which is defined as the ratio of the signal intensity in the GP to the subcortical frontal white matter in axial T1-weighted MRI planes multiplied by 100 9) .
Statistical analyses
Mean values of various continuous variables between the patients and the controls were compared using the Mann-Whitney U-test. Mean values of various continuous variables among three of the Child-Pugh class and the control group were compared using the KruskalWallis test. If the Kruskal-Wallis test showed statistical significance, the difference between each subgroup was tested by the Mann-Whitney U-test. Correlations between the MnB, MnRBC, MnP, or MnU and the PI were evaluated using Spearman correlation coefficient (rho, ρ). Analyses of multiple regression modeling were also performed to verify any association between the MnB, MnRBC, or MnP level (explanatory variables) and the PI value (response variable) whilst controlling the influence of other explanatory variables in liver cirrhotics.
Results
The general, clinical and biochemical characteristics of the subjects are shown in Table 1 . The mean age of cirrhotic patients was 48.4 yr and all were male. All the patients had viral hepatitis B-induced liver cirrhosis and 18.2% had a previous history of hepatic encephalopathy. The 10 subjects used as controls had a mean age of 48.3 yr and were free of any exposure to Mn, neurological disease, liver disease, or anemia. Patients with cirrhosis had a mean MnB of 2.34 ± 1.11 µg/dl, which was statistically different from that of the control group. The MnP and MnU in the cirrhotic patients was not statistically different from the control group. The mean PI of the cirrhotics was statistically significantly different from that of controls. Increased T1-weighted MRI signals in the GP were observed in 18 (81.8%) of 22 patients with liver cirrhosis. No increases in pallidal signal were observed in controls. In a transplanted patient, increased pallidal signals also resolved as his liver function tests normalized after liver transplantation (Fig. 1) . However, MnB after transplantation (1.28 µg/dl) as well as before transplantation (1.15 µg/dl) were lower than mean MnB of the controls. There was a significant correlation between MnB and PI (ρ=0.529, p<0.01; n=22) in liver cirrhotics. There was also a significant correlation between MnRBC and PI (p=0.573, P<0.01; n=22) in liver cirrhotics, but correlations between MnP and PI (ρ=0.265, ρ>0.05; n=22) and between MnU and PI (ρ=-0.175, ρ>0.05; n=22) were not statistically significant. Mean PI was significantly different among four groups including three groups of liver cirrhotics (Child-Pugh class A, B, C) and a control group. Especially, PI in Child/Pugh class B and C was significantly different from PI in Child/Pugh class A as well as the control group. Mean PI of Child-Pugh class A, B, and C in liver cirrhotics was 110.60, 128.48, and 127.87, respectively, whereas mean PI in the control group was 106.23. Nevertheless, mean MnB was not different statistically among the four groups.
According to a multiple linear regression analysis, MnB increased PI after controlling for total bilirubin and age in liver cirrhotics (p=0.022) ( also increased PI after controlling for total bilirubin and age (p=0.030) ( Table 3 , model 2), although, MnP or MnU failed to increase PI after controlling for total bilirubin and age (Table 3 , model 3). Data on MnU was not presented.
Discussion
After exposure to Mn, characteristic increased signal intensities can be observed mainly confined to the GP using T1-weighted MRI. Similar patterns of increased T1-weighted signal intensities can be associated with lipid 14) , hemoglobin breakdown products 15) , melanoma 16) , neurofibromatosis 17) , and calcification 18, 19) . But iron deposits cause a more marked shortening of T2-relaxation time compared to T1-relaxation time, which results in a low signal intensity in the T2-weighted image, allowing clear distinction of iron and Mn deposits. Melanoma and neurofibromatosis can also be differentiated from Mn deposits from knowledge of the site and symmetry of the signals. Furthermore, calcification-induced signals can be ruled out by normal CT findings 20) . Hence, only Mn is known to cause an abnormal increase in T1-weighted MRI signals in the same distribution and pattern as observed in patients with chronic liver diseases. In our hepatitis B-induced cirrhotic patients, we noted abnormal increased T1 signals in the GP (81.8%). In one patient, increased pallidal signals also resolved as his liver function tests normalized after liver transplantation. The present finding was compatible with the other study 21) . All these findings also support that Mn causes an increase in T1-weighted MRI signals.
Previous studies [6] [7] [8] 22) have shown that subjective MR imaging scores correlated with blood Mn concentrations. The present study confirmed and extended previous reports showing a correlation between increased pallidal signals and blood Mn concentrations. Here we report a correlation between blood Mn concentration and PI in T1-weighted MRI. Furthermore, MnB or MnRBC reflected the signal intensities of T1-weighted MRI better than MnP or MnU. The present findings are in accordance with other studies that concluded that while MnP does not provide the best picture of Mn status, MnB reflects Mn stores in tissue more accurately [23] [24] [25] . Most of the Mn content of whole blood is in the cellular components, with the erythrocytes containing 65%, leukocytes and platelets 25%, and plasma 5% in subjects with normal liver function 26) . It is likely that erythrocytes represent a Mn compartment more akin to target tissues than serum, and hence provide a more sensitive indicator of the Mn body burden. Whole blood is easier to obtain than RBC practically. Hence, MnB is a useful proxy indicator of target organ dose of Mn in the field of occupational health.
In the present study, PI in Child/Pugh class B and C was significantly different from PI in Child/Pugh class A as well as the control group. The present finding shows a significant relationship between PI and the severity of the liver disease assessed using the Child/Pugh scoring system 11) . This finding is in agreement with other studies 21, 27, 28) . The present study has its limitations. First, we did not analyzed MnRBC in the controls. Second, the present study had small number of study samples, especially the controls.
In summary, MnB or MnRBC reflected signal intensities of T1-weighted MRI better than MnP or MnU.
